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Abstract 
Cutting fluids are widely used in metal cutting to perform two major functions namely cooling and lubrication.  The most 
common method of application of cutting fluid is flood or deluge cooling which involves bulk application of cutting fluid in the 
cutting zone.  The copious usage of cutting fluid not only increases the production cost but also creates serious environmental and 
health hazards.  In this present study, an effort was made to reduce the quantity of usage of cutting fluid and to optimize the 
cutting parameters and fluid application parameters while turning of Oil Hardened Non shrinkable steel (OHNS) with minimal 
cutting fluid application using Taguchi technique.  The optimized results were compared with dry turning and conventional wet 
turning under similar cutting conditions.  The results clearly indicated that minimal cutting fluid application enhanced the cutting 
performance by improving surface finish compared to dry and wet turning. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The performance of cutting fluids in machining operation is of critical importance in order to improve the 
efficiency of any machining process. Apart from cooling and lubrication, it performs secondary functions such as 
temporary protection against oxidation, improves surface finish, provides longer tool life and improves dimensional 
accuracy of the workpiece [1].   
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Besides providing technological benefits, conventional cutting fluids pose environmental problems such as 
pollution in the shop floor due to chemical break-down at high cutting temperature, creation of biologically 
hazardous environment to operators due to bacterial growth, water pollution and soil contamination during final 
disposal [2].  The additives present in the petroleum based cutting fluids may cause dermatitis, problems in the 
respiratory and digestive systems and even cancer due to their toxicity [3].  Handling of cutting fluid may include 
the pre-treatment and treatment of cutting fluid wastes. The cost of pre-treatment/treatment of cutting fluid is 
sometimes higher than the purchase price of the cutting fluid itself [4]. 
    The problems associated with cutting fluids can be avoided by machining under dry condition but it is 
very difficult to implement dry machining on the existing shop floor as it needs extremely rigid machine tools and 
ultra hard cutting tools [5].  In order to alleviate the negative effects of cutting fluids, techniques like Minimal 
Quantity Lubrication (MQL) and Minimal Cutting Fluid Application (MCFA) have been evolved.  In minimal 
cutting fluid application, extremely small quantity of cutting fluid is injected in the form of ultra fine droplets at very 
high velocity (about100 m/s) into the cutting zone which is also called as pseudo dry turning.  For all practical 
purposes, it appears like dry turning in achieving improved surface finish, lower tool wear by maintaining cutting 
forces and power at reasonable levels [6]. 
Vaibhav and Mukund optimized turning parameters (Feed rate, cutting speed and depth of cut) for 
minimum surface roughness value by using Ant Colony Optimization (ACO) algorithm in multipass turning 
operation [7].  Pradeep Kumar and Packiaraj investigated the effects of drilling parameters such as cutting speed, 
feed and drill tool diameter on surface roughness and tool wear in drilling of OHNS material using Taguchi 
technique [8].  
From the literature review, it was found that few research works are reported on the optimization of surface 
roughness in turning of OHNS steel but no work is reported on the optimization of surface roughness in terms of 
cutting parameters and fluid application parameters during turning of OHNS steel with minimal cutting fluid 
application. In this present work, a single response optimization model based on Taguchi method is employed to 
determine the best combination of the cutting parameters and fluid application parameters to attain the optimum 
surface roughness during turning of OHNS steel.   
 
Nomenclature 
v  Cutting speed 
f Feed rate  
d Depth of cut 
P  Pressure at the injector 
F Frequency of pulsing 
Q Rate of application of cutting fluid 
C Composition of cutting fluid 
Ra           Surface roughness 
2. Experimentation 
2.1. Selection of work material and tool 
OHNS Steel of hardness 34 HRC with 350 mm length and 65 mm diameter was selected as work material for this 
investigation which is having a wide range of application in tool and die making industries.   It is known for its high 
tensile strength and toughness. The tool inserts and the tool holder were selected as per the recommendations of M/s 
Taegu Tec India (P) Ltd. for this work.  The tool insert used for the present experimentation was SNMG 120404 and 
tool holder used was PSBNR 2525 M12. 
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2.2. Selection of cutting parameters and fluid application parameters 
The selection of parameters for this experimentation was done based on the earlier work reported in the area of 
machining with minimal cutting fluid application [6].  The selected input parameters were varied at 3 levels.  Table 
1 shows the parameters and their levels for the experimentation.  
Table 1 Parameters and Levels for the experimentation. 
Input parameter Level 1 Level 2 Level 3 
Cutting speed [m/min] 128.64 148.44 168.23 
Feed [mm/rev] 0.04 0.06 0.08 
Depth of cut [mm] 0.5 0.75 1.0 
Pressure at the fluid injector [Bar] 50 75 100 
Frequency of pulsing [Pulses/min] 500 700 900 
Rate of application of cutting fluid [ml/min] 3 6 9 
Composition of cutting fluid [%] 10 20 30 
 
 
2.3. Experimental setup 
Fig. 1 shows the experimental set up which consisted of a medium duty Kirloskar lathe with variable speed and 
feed drive.  The minimal cutting fluid setup facilitated the independent variation of pressure at fluid injector, 
frequency of pulsing and the quantity (rate) of fluid application.  Surface roughness (Ra) was considered as output 
parameter and it was measured using Mitutoyo (SJ-210) portable surface roughness tester.   
 
 
 
Fig. 1 Experimental setup conting lathe and minimal cutting fluid applicator 
 
2.4. Design of Experiment:  
A 27 run experiment was designed based on Taguchi technique. The selected seven parameters were varied at 
three different levels as shown in the Table 2. 
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Table 2 Experimental data collected during 27 run experiment 
Exp. 
No. 
Cutting speed 
(m/min) 
Feed 
(mm/rev) 
Depth of 
cut (mm) 
Pressure at the 
injector (bar) 
Frequency of 
pulsing 
(pulses/min) 
Rate of 
application 
(ml/min) 
Composition 
of cutting 
fluid, (%) 
Surface 
roughness 
(μm) 
1 128.64 0.04 0.50 50 500 3 10 1.2153 
2 128.64 0.04 0.50 50 700 6 20 1.2304 
3 128.64 0.04 0.50 50 900 9 30 1.2800 
4 128.64 0.06 0.75 75 500 3 10 1.2453 
5 128.64 0.06 0.75 75 700 6 20 1.3260 
6 128.64 0.06 0.75 75 900 9 30 1.4353 
7 128.64 0.08 1.00 100 500 3 10 1.3900 
8 128.64 0.08 1.00 100 700 6 20 1.3230 
9 128.64 0.08 1.00 100 900 9 30 1.3750 
10 148.44 0.04 0.75 100 500 6 30 1.3100 
11 148.44 0.04 0.75 100 700 9 10 1.3156 
12 148.44 0.04 0.75 100 900 3 20 1.1920 
13 148.44 0.06 1.00 50 500 6 30 1.1330 
14 148.44 0.06 1.00 50 700 9 10 1.2730 
15 148.44 0.06 1.00 50 900 3 20 1.2050 
16 148.44 0.08 0.50 75 500 6 30 1.3310 
17 148.44 0.08 0.50 75 700 9 10 1.2360 
18 148.44 0.08 0.50 75 900 3 20 1.3330 
19 168.23 0.04 1.00 75 500 9 20 1.2713 
20 168.23 0.04 1.00 75 700 3 30 1.2516 
21 168.23 0.04 1.00 75 900 6 10 1.3360 
22 168.23 0.06 0.50 100 500 9 20 1.1803 
23 168.23 0.06 0.50 100 700 3 30 1.2160 
24 168.23 0.06 0.50 100 900 6 10 1.1460 
25 168.23 0.08 0.75 75 500 9 20 1.4660 
26 168.23 0.08 0.75 75 700 3 30 1.5300 
27 168.23 0.08 0.75 75 900 6 10 1.3856 
3. Results and Discussion 
The analysis of the results was done by using MINITAB 13 statistical software for finding the optimized value 
and its influence on surface roughness. Taguchi technique uses the S/N ratio to measure the quality characteristic 
deviating from the desired value.  Table 3 presents the responses for Signal-to-Noise ratio (S/N) on surface 
roughness and Fig. 2 shows the peak values of the experiment.  
Table 3 Responses for Signal-to-Noise ratio (S/N) – Surface Roughness 
Level Cutting 
speed 
Feed Depth of cut Pressure at the 
injector 
Frequency 
of pulsing  
Rate of cutting 
fluid application 
Composition of 
cutting fluid 
1 -2.355 -2.049 -1.865 -2.254 -2.136 -2.160 -2.146 
2 -1.986 -1.846 -2.622 -2.618 -2.260 -2.125 -2.130 
3 -2.302 -2.747 -2.157 -2.070 -2.247 -2.357 -2.367 
Delta 0.369 0.901 0.757 0.248 0.125 0.232 0.237 
Rank 3 1 2 4 7 6 5 
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The Rank of the Taguchi analysis shows the influence of individual parameters on surface roughness. From the 
results, it was found that feed rate is having more influence on surface roughness and other parameters follows 
according to their ranking in Table 3.  The input parameters and their levels are plotted against the Signal to Noise 
ratio for surface roughness in which the peak value in the each graph gives the level of parameter which influences 
more in getting lower value of surface roughness during turning of OHNS steel. 
 
 
Fig.2: Optimized values (Peak Values) of the experiment  
The ANOVA analysis was carried out to establish the relative significance of individual parameters on 
surface roughness and the results are shown in Table 4.  From the ANOVA results, it was found that all the F values 
for all the input parameters against surface roughness are more than 2 (F>2) and thus the experiment is valid and 
effective.  It also showed that, feed rate is having more influence on surface roughness.  From the ANOVA table the 
bigger value of F (10.99) was obtained for feed rate which is the dominating parameter in turning of OHNS steel.  
The results obtained also showed that the model is sufficiently accurate as indicated by the R² value which is as high 
as 96.36% , R-Sq(adj)  value of 97.28% and stand error of 0.0643656.    
Table 4: Analysis of Variance on surface roughness 
Source DF Seq SS Adj SS Adj MS F P 
Cutting speed (v) 2 0.016647 0.016647 0.008324 5.01 0.177 
Feed (f) 2 0.091035 0.091035 0.045518 10.99 0.002 
Depth of Cut (d) 2 0.061068 0.061068 0.030534 7.37 0.008 
Pressure at the injector (P) 2 0.006526 0.006526 0.003263 3.79 0.477 
Frequency of Pulsing (F) 2 0.001734 0.001734 0.000867 3.21 0.814 
Rate of fluid application (Q) 2 0.006110 0.006110 0.003055 3.74 0.499 
Composition of Cutting fluid (C) 2 0.007935 0.007935 0.003967 3.96 0.411 
Error 12 0.049684 0.049684 0.004140   
Total 26 0.240739     
S = 0.0643656   R-Sq = 96.36%   R-Sq(adj) = 97.28% 
Table 5 shows the optimized values of the cutting and fluid application parameters on surface roughness.   
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Table 5 Optimized values of cutting and fluid application parameters on surface roughness  
Cutting 
Speed 
[m/min] 
Feed, 
[mm/rev] 
Depth of 
cut 
[mm] 
Pressure at 
injector 
[Bar] 
Frequency of 
pulsing, 
[Pulses/min] 
Rate of fluid 
application, 
[ml/min] 
Composition of 
cutting Fluid 
[%] 
148.44 0.06 0.5 100 500 6 20 
 
The results obtained was compared with conventional wet turning and dry turning under optimized cutting 
conditions (Cutting speed at 148.44 m/min,  Feed at 0.06 mm/rev and depth of cut at 0.5 mm) to know the 
effectiveness of minimal cutting fluid application and the results are shown in Table 6.. 
Table 6 Comparison between turning with minimal cutting fluid application, wet turning and dry turning 
Experimental condition Surface Roughness (μm) 
Turning with minimal cutting fluid application 1.26 
 Conventional wet turning  1.61 
Dry turning 1.84 
Conclusion 
The following conclusion were obtained from the present research work, 
1. Turning with minimal cutting fluid application improved the cutting performance by giving improved 
surface finish.  It also produced promising results when compared with dry turning and conventional wet 
turning. 
2. From the Taguchi analysis and ANOVA results, the influence of cutting parameters and fluid application 
parameters on surface roughness was found out and it was seen that feed rate was having more influence on 
surface roughness. 
3. Apart from cutting parameters, fluid application parameters also influence the surface roughness and by 
tuning the fluid application parameters properly, surface roughness can be improved. 
4. Minimal cutting fluid application technique promoted green environment in the shop floor, by minimizing 
the industrial hazard and usage of large quantity of cutting fluid. 
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